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(54) High speed tyre uniformity measurement device 



(57) A high speed uniformity measurement device 
is provided in which high speed uniformity of a tire con- 
veyed on a production line is measured automatically 
and continuously. At the high speed uniformity meas- 
urement device, a lower spindle is disposed so as to be 
movable up and down, and a lower side half rim is 
mounted to a distal end of the lower spindle. An upper 



spindle is provided, and a sensor for measuring high 
speed uniformity is provided at the upper spindle. An 
upper side half rim is mounted to a lower end of the up- 
per spindle. A lock and unlock mechanism, for locking 
and unlocking the half rim, is formed at an upper side of 
the lower side half rim and at a lower side of the upper 
side half rim. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a high speed 
uniformity measurement device for a tire. In particular, 
the present invention relates to a high speed uniformity 
measurement device for a tire, in which a high speed 
uniformity of a tire which is conveyed on a production 
line can be automatically and continuously measured. 

Description of the Related Art 

[0002] High speed uniformity, which is a basic char- 
acteristic of a product tire, is used for verification of 
matching data for a vehicle body (suspension) and a tire 
at a tire manufacturer and an automobile manufacturer. 
[0003] High speed uniformity is measured by a con- 
ventional high speed uniformity measurement device in 
the following manner: a tire to be measured is mounted 
on a rim which is being commercially sold, the tire inflat- 
ed with air is set on a sensor which is on a spindle axis 
manually by an operator, the tire is pressed by a load 
drum, and the load drum is rotated at a high speed in a 
state in which a constant load is applied to the tire. 
[0004] However, in the conventional high speed uni- 
formity measurement device, it takes time to mount the 
tire on the rim, inflate the tire with air and set the tire on 
the measurement device in order to measure the uni- 
formity. Also, it takes time to remove the tire which is set 
on the measurement device after the measurement is 
completed. Moreover, it costs much to operate the 
measurement device, because the operations, for ex- 
ample, mounting the tire on the rim, setting the tire on 
and removing the tire from the measurement device, 
running the measurement device and collecting data, 
are performed manually by the operator. Further, be- 
cause an internal pressure of the tire changes when the 
tire is rotated, a long warm up time for the internal pres- 
sure of the tire to stabilize is necessary in order to start 
the measurement. 

[0005] Accordingly, in the conventional high speed 
uniformity device, it is very difficult to continuously and 
automatically measure the high speed uniformity of a 
tire which is conveyed on a production line. 
[0006] Moreover, the first order factor of the high 
speed uniformity is influenced by residua! unbalance. 
Accordingly, not only the high speed uniformity, but also 
the residual unbalance is measured, and it is necessary 
that data, in which a measured value of the residual un- 
balance is removed from a measured value of the high 
speed uniformity, is evaluated/There are two methods 
of measurement of the residual unbalance. One method 
is such that the tire, rotating at a speed which is equal 
to or more than a target speed, is made to rotate iner- 
tially in a non-load condition, and the measurement is 



performed. The other method is such that a high speed 
TFV (tangential force variation) of a target speed of the 
tire is measured in a skim-touch condition (in a condition 
in which a load, which is applied to the tire when the tire 

5 slightly contacts the ground, is applied), and this high 
speed TFV is used as a substitute value for the residual 
unbalance. Therefore, it is necessary that, after the high 
speed uniformity is measured, the tire is rotated again 
at a high speed in a state in which a load by the load 

10 drum is not applied to the tire, the residual unbalance is 
measured, and data of the results of the measurement 
of the high speed uniformity is corrected manually. Ac- 
cordingly, there is the problem that time and costs are 
required. 

15 [0007] On the other hand, a low speed uniformity 
measurement device has an automatic detachable 
mechanism by a half rim, and a variation component of 
the load (a vertical force) of the tire "RFV (radial force 
variation)" and a variation component of the lateral force 
20 of the tire "LFV (lateral force variation)" are measured 
by a sensor attached to a load drum axis. 
[0008] One may think that high speed uniformity could 
be automatically continuously measured by use of the 
automatic detachable mechanism by the half rim. How- 
25 ever, a variation component of a fore-and-aft load of the 
tire 'TFV (tangential force variation)" cannot be meas- 
ured by a low speed uniformity measurement device be- 
cause the sensor is attached to the load drum axis. Also, 
because the low speed uniformity is not influenced by 
30 residual unbalance, a mechanism for measuring resid- 
ual unbalance is not provided at the low speed uniform- 
ity measurement device. 

[0009] Furthermore, when high speed uniformity is 
measured by the conventional high speed uniformity 
35 measurement device, a long time is required for the fol- 
lowing reason. In a tire rotating speed increasing period 
which includes a time from when the tire is not rotated 
until a rotation speed of the tire reaches a target rotating 
speed, and in a tire rotating speed decreasing period 
40 which includes a time from when the tire rotates at the 
target rotation speed until the rotation of the tire is 
stopped, measurement is not performed. Measurement 
is performed in a state in which the rotation speed of the 
tire is maintained at a constant high rotation speed. 

45 

SUMMARY OF THE INVENTION 

[0010] The present invention takes the facts men- 
tioned above into consideration, and an object of the 

so present invention is to provide high speed uniformity 
measurement device for a tire, in which a high speed 
uniformity of a tire conveyed on a production line can be 
automatically and continuously measured. 
[0011] Another object of the present invention is to 

55 provide a high speed uniformity measurement device for 
a tire, in which the high speed uniformity can be meas- 
ured in a short time. 

[0012] In order to achieve the object mentioned 
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above, in accordance with a first aspect of the present 
invention, there is provided a high speed uniformity 
measurement device comprising: a pair of rim shafts, 
one rim shaft of the pair of rim shafts being able to be 
disposed above and another rim shaft of the pair of rim 
shafts being- able to be disposed below a conveyor 
which conveys a tire such that the pair of rim shafts 
sandwiches the conveyor, and each rim shaft of the pair 
of rim shafts is provided with a half rim for sandwiching 
the tire, and the pair of rim shafts sandwich or release 
sandwiching of the tire being conveyed on the conveyor; 
a load drum which is movable in directions of approach- 
ing and moving away from the tire, the load drum apply- 
ing a load to the tire which is sandwiched between the 
half rims, while the load drum is pushed against the tire 
and rotates together with the tire; an air filling and re- 
leasing portion for filling the tire sandwiched between 
the half rims with air, and for releasing air from the tire; 
and a high speed uniformity measuring portion which 
measures high speed uniformity in a state in which load 
is applied to the tire which is filled with air and the rota- 
tional speed of the tire is varied. 

[0013] In accordance with the first aspect of the 
present invention, a pair of rim shafts are disposed 
above and beneath a conveyor which conveys a tire, so 
as to sandwich the conveyor. A half rim is provided at 
each rim shaft. By using the half rims, the pair of rim 
shafts sandwich the tire which is being conveyed by the 
conveyor, and release the tire after measurement has 
been completed, and the tire is putted again on the con- 
veyor. A load is applied to the tire which is being sand- 
wiched-by the half rim, by a load drum which moves in 
directions of approaching and moving away from the 
tire. Further, an air filling and releasing portion fills the 
tire sandwiched between the half rims with air (inflates 
the tire with air), and releases the airf illed in the tire after 
measurement has been completed. Then, at the high 
speed uniformity measuring portion, the high speed uni- 
formity is measured in a state in which load is applied 
to the tire filled with air and the rotational speed of the 
tire is varied. 

[0014] In the first aspect, a mechanism for automati- 
cally attaching and releasing the tire by the half rims is 
provided. Thus, the tire which is being conveyed can be 
automatically attached and released, and the time re- 
quired for attaching and releasing the tire for measure- 
ment thereof can be reduced. Moreover, because the 
filling of the tire with compressed air and the releasing 
of the compressed air from the tire can carried out au- 
tomatically, the time for measurement can be shortened. 
[0015] A second aspect of the present invention is a 
high speed uniformity measurement device according 
to the first aspect, wherein the high speed uniformity 
measuring portion measures high speed uniformity in a 
state in which load is applied to the tire and the rotational 
speed of the tire is varied in a first direction, and the high 
speed uniformity measuring portion measures residual 
unbalance in one of a state in which load is not applied 



to the tire and the rotational speed of the tire is varied 
in a second direction which is different than the first di- 
rection, or a state in which the load is applied to the tire 
right before the tire contacts ground, and the rotational 
5 speed of the tire is varied in the second direction, and a 
first order component of high speed uniformity is deter- 
mined on the basis of subtracting a measured value of 
residual unbalance from a measured value of high 
speed uniformity. 
10 [001 6] In the second aspect, the high speed uniform- 
ity is measured in a state in which load is applied to the 
tire which is filled with air and the rotational speed of the 
tire is varied in a first direction (the increasing direction 
or the lowering direction). The first order component of 
*5 the high speed uniformity is affected by the residual un- 
balance. Thus, separately from the high speed uniform- 
ity, the residual unbalance is measured in one of the fol- 
lowing two states: (1 ) a state in which no load is applied 
to the tire and the rotational speed of the tire is varied 
20 jn a second direction (the lowering direction if the first 
direction is the raising (increasing) direction, or the rais- 
ing direction if the first direction is the lowering direc- 
tion), or (2) a state in which a load is applied to the tire, 
which load is equal to the load which is applied to the 
25 tire immediately before the tire contacts the ground, and 
the rotational speed of the tire is varied in the second 
direction. Then, by subtracting the measured value of 
the residual unbalance from the measured value of the 
high speed uniformity, the first order component of the 
30 high speed uniformity is determined. 

[001 7] In a case in which the first order component of 
the high speed uniformity is determined, when an at- 
tempt is made to measure the high speed uniformity and 
the residual unbalance within one cycle in which the tire 
35 rotational speed is raised and then lowered, a measure- 
ment timing cannot be achieved. Therefore, the high 
speed uniformity and the residual unbalance at a pre- 
determined rotational speed within a measurement 
speed range are measured. 
40 [0018] Further, given that the unbalance m on the tire 
circumference rotates at a tire rolling radius r and an 
angular speed <d, the residual unbalance can generally 
be expressed as mrco 2 . The relationship between the ro- 
tational speed of the tire and the residual unbalance can 
45 substantially be expressed as a second order regres- 
sion curve. Here, based on the high speed uniformity at 
an arbitrary rotational speed, the residual unbalance 
corresponding to this arbitrary rotational speed is esti- 
mated from the second order regression curve. The re- 
50 sidual unbalance corresponding to the arbitrary rotation- 
al speed is vector subtracted from the high speed uni- 
formity of the arbitrary rotational speed. Accordingly, a 
first order component of the high speed uniformity which 
has been corrected by the residual unbalance can be 
55 determined. 

[001 9] In the second aspect of the present invention, 
the high speed uniformity of the tire is measured in a 
state in which the rotational speed of the tire is varied in 
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a first direction, and the residual unbalance is measured 
in a state in which the rotational speed of the tire is varied 
in a second direction. Therefore, the high speed uni- 
formity and the residual unbalance can be measured 
within the period of time in which the tire rotates from 
the stopped state and then again returns to the stopped 
state. There is no need to maintain the rotational speed 
of the tire constant each time a predetermined rotational 
speed is reached. Thus , the first order component of the 
high speed uniformity of the tire can be determined in a 
short time. 

[0020] A third aspect of the present invention is a high 
speed uniformity measurement device according to the 
first aspect, wherein the high speed uniformity measur- 
ing portion is provided at a position otherthan at the load 
drum. 

[0021] A fourth aspect of the present invention is a 
high speed uniformity measurement device according 
to the third aspect, wherein the high speed uniformity 
measuring portion is provided at the pair of rim shafts. 
[0022] A fifth aspect of the present invention is a high 
speed uniformity measurement device according to the 
second aspect, wherein the high speed uniformity 
measuring portion determines the first order component 
of the high speed uniformity by determining a relation- 
ship between a rotational speed of the tire and residual 
unbalance, and subtracting, from the measured value 
of the high speed uniformity at a predetermined tire ro- 
tational speed, a residual unbalance at the predeter- 
mined tire rotational speed which residual unbalance is 
estimated on the basis of the relationship. 
[0023] A sixth aspect of the present invention is a high 
speed uniformity measurement device according to the 
first aspect, wherein the high speed uniformity measur- 
ing portion measures high speed uniformity in a state in 
which load is applied to the tire and the rotational speed 
of the tire is varied, and at least one of high order com- 
ponents of the high speed uniformity is determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a side view of a high speed uniformity 
measurement device of an embodiment of the present 
invention. 

[0025] Fig. 2 is a perspective view illustrating a meas- 
uring portion of the high speed uniformity measurement 
device of the embodiment of the present invention. 
[0026] Fig. 3 is a side view illustrating the measuring 
portion of the high speed uniformity measurement de- 
vice of the embodiment of the present invention. 
[0027] Fig. 4 is a block diagram of a computing portion 
of the high speed uniformity measurement device of the 
embodiment of the present invention. 
[0028] Fig. 5 is a flowchart of a high speed uniformity 
measurement control routine carried out at the high 
speed uniformity measurement device of the embodi- 
ment of the present invention. 

[0029] Fig. 6 is a flowchart showing details of the high 



speed uniformity measurement of Fig. 5 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 [0030] A detailed description will be given below of an 
embodiment of the high speed uniformity measurement 
device in accordance with the present invention with ref- 
erence to the figures. As illustrated in Fig. 1, a pair of 
rails 14, which extend parallel in a horizontal direction, 
10 bridge between at substantially central portions of sup- 
port legs 12 of a rectangular frame body 10. A support 
frame 1 6, in a bottom face of which a pair of groove por- 
tions for engaging with the rails are formed, is engaged 
with the rails 14 at the groove portions. The support 
15 frame 1 6 is thereby movable along the rails 1 4. As illus- 
trated in Fig. 2, a load drum 18, which has a flat cylin- 
drical configuration and at which a rotational shaft is pro- 
vided, is supported at the support frame 1 6, so as to be 
rotatable about the rotational shaft extending in a verti- 
cal direction. A motor 20 for rotating the load drum 18 is 
connected to a lower portion of the rotational shaft of the 
load drum 1 8. 

[0031] A block 22, in whose central portion a female 
screw is formed, is fixed at a substantially central portion 
of the bottom face of the support frame 1 6. A screw bar 
24, which is rotatably attached to the rectangular frame 
10 In such a manner that the screw bar 24 bridges 
across the rectangular frame 10 and is parallel to the 
rails 14, is screwed to the block 22. A pulley is fixed to 
a one end portion of the screw bar 24. The pulley is con- 
nected to a rotational shaft of the motor 26 via a belt. 
The block 22, the screw bar 24 and the motor 26 form 
a moving mechanism for moving the load drum 18 in a 
horizontal direction along the rails 1 4. The support frame 
1 6, the load drum 1 8 and the motor 20 can be integrally 
moved in the horizontal direction, namely, in directions 
in which the support frame 1 6, the load drum 1 8 and the 
motor 20 approach to or move away from a tire to be 
measured, by rotating the motor 26. 
[0032] A roller conveyor 30 is disposed at a side por- 
tion of the rectangular frame body 1 0. The rollerconvey- 
or 30 is structured such that many conveying rollers are 
rotatably supported on a top portion of the support frame 
28 in such a manner that the conveying rollers are dis- 
posed in parallel with each other in a horizontal plane. 
The conveying rollers are rotated by a motor (not shown 
in the drawings), and the roller conveyor 30 conveys the 
tire. 

[0033] In a portion of the roller conveyor 30 in a lon- 
gitudinal direction thereof, shorter length conveying roll- 
ers are disposed in such a manner that each of the short- 
er length conveying rollers, which is disposed at one 
side of the roller conveyor 30 in a transverse direction 
thereof, faces shorter length conveying rollers disposed 
at the other side of the roller conveyor 30 in the trans- 
verse direction thereof. The shorter length conveying 
rollers thereby form a pass-through space for a lower 
half rim between the shorter length conveying rollers 
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disposed at the one side and the shorter length convey- 
ing rollers disposed at the other side. A centering mech- 
anism is disposed at a position which is at the upstream 
side of the pass-through space for a lower half rim. The 
centering mechanism comprises a stopper arm 32A and 
a centering arm 32B. The stopper arm 32A is fixedly dis- 
posed. The centering arm 32B is always urged in a di- 
rection toward the stopper arm 32A and is swingably dis- 
posed. The stopper arm 32A and the centering arm 32B 
are disposed such that the roller conveyor 30 is located 
between them. The tire conveyed by the roller conveyor 
30 is stopped by the stopper arm 32A, and the tire is 
moved to a central position of the roller conveyor 30 in 
• the transverse direction thereof by the stopper arm 32A 
and the centering arm 32B. Therefore, the tire is posi- 
tioned such that the tire is conveyed at a central position 
of the roller conveyor 30 in the transverse direction 
thereof. 

[0034] A tire pass through sensor 31 , which is formed 
by a light emitting element and a light receiving element 
and which is for detecting the tire passing through in 
front of the sensor, is provided at a position which is at 
the upstream side of the pass through space for a lower 
half rim. Four positioning arms 34 are swingably provid- 
ed at positions around the pass-through space for a low- 
er half rim. Namely, two positioning arms of four posi- 
tioning arms 34 are disposed at a left position and a right 
position of an upstream portion with respect to the pass 
through space for a lower half rim. The two other posi- 
tioning arms of the four positioning arms 34 are dis- 
posed. at a left position and a right position of a down- 
stream portion with respect to the pass through space 
for a lower half rim. In this way, the four positioning arms 
34 can grasp the tire from four directions and can posi- 
tion the tire onto the pass-through space for a lower half 
rim. The positioning arms 34 are connected to a rota- 
tional shaft of a motor (not shown in the drawings), and 
the positioning arms 34 are driven so as to grasp the tire 
from four directions at the time when the tire pass 
through sensor 31 detects that a tire is passing in front 
of the sensor. 

[0035] At the lower side of the pass-through space for 
a lower half rim, a lower spindle 37 is disposed. The low- 
er spindle 37 is movable in vertical directions by a hy- 
draulic cylinder 36. A lower half rim 38 is attached to the 
distal end of the lower spindle 37 via a first lock and un- 
lock mechanism. The hydraulic cylinder 36 is connected 
to a hydraulic pressure generating device via a hydraulic 
piping (not shown in the drawings). The hydraulic pres- 
sure generating device is connected to a solenoid valve 
connected to an air supply. The amount of generated 
hydraulic pressure is controlled by switching the sole- 
noid valve. 

[0036] At the upper side of the pass-through space for 
a lower half rim, an upper spindle 42 is disposed. The 
upper spindle 42 is axially supported by a spindle bear- 
ing. The spindle bearing of the upper spindle 42 is ro- 
tatably supported at a side surface of the support legs 



1 2 of the rectangular frame body 1 0 by two arms. A top 
end of the upper spindle 42 is coupled to a rotational 
shaft of a spindle motor 48 fixed to a top portion of the 
rectangular frame body 1 0 via belt 44 and gear box 46. 
5 [0037] Also, an upper half rim 40 is fixed to a lower 
end of the upper spindle 42. As shown in Fig. 3, at an 
upper side of the lower half rim 38 and at a lower side 
of the upper half rim 40, a second lock and unlock mech- 
anism 52 for locking and unlocking the lower half rim 38 
10 and the upper half rim 40 is formed. 

[0038] At the side surface of the second lock and un- 
lock mechanism 52, a solenoid valve 54 and a pressure 
sensor 56 are provided. The solenoid valve 54 is used 
to charge air into the tire and to discharge the air from 
'5 the tire. The pressure sensor 56 detects an internal 
pressure of the tire. The solenoid valve 54 is connected - 
to the air supply (not shown in the drawings) via the pip- 
ing. 

[0039] Also, a measurement sensor 58 comprising a 

20 three component force type sensor 58A, an encoder 
58B and a load cell 58C, is built in the upper spindle 42. 
The three component force type sensor 58A detects var- 
iations of forces in three directions of the x axis, the y 
axis and the z axis (in vertical directions, fore-and-aft 

25 directions, and left and right directions of the tire) and 
moments around each axis. The encoder 58B outputs 
one pulse for every one rotation of the upper spindle 42. 
The load cell 58C measures a pressed-force which acts 
on the tire when the load drum is pressed against the 

30 tire. A tire vertical axis force Fx, a tire fore-and-aft axis 
force Fy and a tire left and right axis force Fz can be 
detected by the three component force type sensor 58A. 
A measurement timing, a rotation speed of the tire, and 
a rotation speed of the load drum in a state in which the 

35 load drum contacts the tire and rotates, can be detected 
by the pulse outputted from the encoder 58B. The sen- 
sor can be built in the lower spindle in the same way. 
[0040] As shown in Fig. 4, the three component force 
type sensor 58A of the measurement sensor 58 is con- 

40 nected to a high speed Fourier transformation (FFT) an- 
alyzer 64 via a pre- amplifier 60 and filter 62. The en- 
coder 58B is connected to the FFT analyzer 64. The FFT 
analyzer 64 is connected to a personal computer 66. 
Timing of the Fourier transformation is controlled by the 
45 personal computer 66, and the results of the Fourier 
transformation are inputted to the personal computer 
66. 

[0041] Also, sections MC to be controlled of the sole- 
noid valve, which controls the hydraulic pressure, the 

50 first lock and unlock mechanism, the second lock and 
unlock mechanism 52, the motors 20, 26, 36, the spindle 
motor 48, and solenoid valve 54, and the like, are con- 
nected to the personal computer 66 via a sequence con- 
trol unit 68. Also, the pressure sensor 56 which detects 

55 the internal pressure of the tire, the encoder 58B and 
the load cell 58C which detects the pressed-force of the 
tire, are connected to the personal computer 66. 
[0042] Hereinafter, operation of an embodiment of the 
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present invention is explained. The tire is positioned in 
the central portion of the roller conveyer 30 by the stop- 
per arm 32A and the centering arm 32B. When the tire, 
which is conveyed by the roller conveyer 30, is detected 
by the tire pass through sensor 31 , it is judged that the 
tire has arrived at the measurement position in step 200. 
In step 202, the four positioning arms 34 are driven to 
grasp the tire, and the tire is stopped in the pass-through 
space for a lower half rim. 

[0043] In step 204, the lower spindle 37 is lifted by 
controlling the hydraulic cylinder 36. At this time, the 
lower half rim 38 is locked on the distal end of the lower 
spindle 37 due to the first lock and unlock mechanism. 
Accordingly, the lower half rim 38 is lifted in accordance 
with the rising of the lower spindle 37. Therefore, the 
lower spindle 37 rises up to the upper spindle 42 to 
which the upper half rim 40 is attached, in a state in 
which the tire is mounted on the lower half rim 38. At 
this time, the lower spindle 37 is stopped at a position 
which ensures a rim width determined by standards in 
advance. The tire is thereby sandwiched between the 
lower half rim 38 and the upper half rim 40. 
[0044] In next step 206, the lower half rim 38 and the 
upper half rim 40 are locked by controlling the second 
lock and unlock mechanism 52. In step 208, the tire is 
inflated with air by controlling the solenoid valve 54, the 
signal from the pressure sensor 56 is fetched, and the 
internal pressure of the tire is controlled such that the 
internal pressure becomes the predetermined normal 
pressure. When the internal pressure becomes the pre- 
determined pressure, in step 210, locking of the lower 
spindle and the lower half rim is released in order to 
make the lower half rim free with respect to the lower 
spindle. Accordingly, the tire, with the lower half rim 38 
and the upper half rim 40, becomes rotatable. 
[0045] Afterthe internal pressure of the tire is checked 
in step 21 2, in step 21 4, the motor 26 is rotated, the load 
drum 18 is moved toward the tire, the load drum is 
pressed against the tire which is inflated with air such 
that the pressed-force is applied to the tire. In step 216, 
it is judged whether or not the pressed-force has 
reached the predetermined normal value, on the basis 
of the output from the load cell 58C built in the meas- 
urement sensor 58. When it is judged that the pressed- 
force has reached the predetermined normal value, the 
routine proceeds to step 21 8. In step 21 8, the tire is ro- 
tated at a high speed by the load drum 1 8 or the spindle 
motor 48. During the time when the tire is rotated at a 
predetermined rotation speed, the signal detected by 
the three component force type sensor 58A is proc- 
essed by the computer, and the high speed uniformity 
is measured. Afterthe measurement of the high speed 
uniformity is completed, the load drum is moved back 
such that the load drum is moved to a waiting position 
thereof. While the tire still rotates, the residual unbal- 
ance is measured in a state in which the pressed load 
against the tire is 0. The measured data of the high 
speed uniformity is automatically corrected by the 



measured unbalance measurement value so as to ob- 
tain the measured value of the first order component. 
Details of the measurement of the high speed uniformity 
will be described later. 

[0046] Next, the amount of the calculated high speed 
uniformity (for example, the amount of the first order 
component) is compared with the reference value. If the 
amount of the calculated high speed uniformity of the 
tire is more than or equal to the reference value, a mark- 
ing is added to a portion to be corrected, and the tire is 
conveyed in order to be corrected at another line. Or, if 
the amount of the calculated high speed uniformity of 
the tire is more than or equal to the reference value, the 
tire is conveyed after the uniformity of the tire is correct- 
ed by a grinder mechanism (not shown in the drawings). 
Such methods of conveying the tire are described later. 
[0047] When the measurement of all measurement 
values is completed, the rotation of the tire is stopped, 
and in step 220, the air in the tire is discharged by con- 
trolling the solenoid valve 54. In step 222, it is judged 
whether or not the internal pressure of the tire is 0 on 
the basis of the output of the pressure sensor 56. If it is 
judged that the internal pressure of the tire is 0, in step 
224, the lower half rim is locked to the lower spindle. In 
step 226, the locking of the lower half rim and the upper 
half rim is released by controlling the second lock and 
unlock mechanism. 

[0048] After the locking of the lower half rim and the 
upper half rim is released, in step 228, the lower spindle 
is lowered: Namely, the lower spindle is' lowered in a 
state in which the tire is mounted on the lower half rim. 
When the lower spindle passes through the lower spin- 
dle pass through space, the tire abuts the conveying roll- 
ers and the tire is released from the lower half rim. The 
released tire is conveyed in the downstream direction 
by the roller conveyer 30. 

[0049] By successively performing the above de- 
scribed operation, it becomes possible for the high 
speed uniformity to be measured successively and au- 
tomatically, and processes to be performed after meas- 
urement can be carried out automatically. 
[0050] Next, details of the high speed uniformity 
measurement method in a step 218 are explained with 
reference to Fig. 6. Hereinafter, a case is explained in 
which the tire is driven to rotate by driving the load drum, 
and the first order component and respective high order 
components of the high speed uniformity are measured 
by the three component force type sensor in the upper 
spindle. In this case, the spindle motor may be omitted. 
Or, in the case of driving the spindle motor, the motor 
for driving the load drum may be omitted. 
[0051] As mentioned above, in a state in which load 
is applied to the tire by the tire being pressed by a side 
surface of the load drum 1 8 at a predetermined pres- 
sure, in step 102, rotation of the load drum Is started. 
The rotational speed of the load drum 18 is increased 
at a fixed rate by controlling the motor 20 on the basis 
of the output of the encoder 588, such that the rotational 
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speed of the tire is increased up to a predetermined ro- 
tational speed at a fixed rate. 

[0052] In step 104, on the basis of the output of the 
encoder 58B, it is judged whether or not a predeter- 
mined time for measurement has been reached, by 5 
judging whether or not the rotational speed of the tire is 
increased up to the predetermined rotational speed. 
When it is judged that it is the predetermined time for 
measurement has been reached, in step 106, the FFT 
analyzer 64 is controlled such that the output of the three 10 
component force type sensor58A is inputted to the FFT 
analyzer 64 via the pre-amplifier 60 and the filter 62, and 
the inputted data is subject to high speed Fourier trans- 
formation. The high speed uniformity is measured by the 
FFT analyzer 64 calculating an amplitude correspond- 15 
ing to the first order component of the high speed uni- 
formity, which corresponds to the rotational speed at the 
time for measurement, from the output of the three com- 
ponent force type sensor 58A. The FFT analyzer 64 also 
calculates a phase corresponding to this first order com- 20 
ponent on the basis of the pulse outputted from the en- 
coder 58B. 

[0053] Tracking analysis can be performed by use of 
this pulse. This pulse does not have to be a pulse in 
which one pulse corresponds to one rotation. If the one 25 
pulse corresponds to more than one rotation, accuracy 
of measurement increases. More over, one pulse may 
be multiplied by several tens of pulse. 
[0054] In step 1 08, it is judged whether or not the tire 
rotational speed has reached the predetermined maxi- 30 
mum speed on the basis of the output of the encoder 
58B. (The predetermined maximum speed is more than 
60 rpm.) If the tire rotational speed has not reached the 
predetermined maximum speed, the above mentioned 
measurement is repeated every time a predetermined 35 
rotational speed of the tire is reached. When the tire ro- 
tational speed reaches the predetermined maximum 
speed, measurement of high speed uniformity is com- 
pleted. As described above, measurement of the high 
speed uniformity can be performed every time a prede- 40 
termined rotational speed of the tire is reached, such 
that the high speed uniformity is measured each time 
when the rotational speed of the tire is increased by the 
predetermined rotational speed. 

[0055] After the measurement of the high speed uni- 45 
formity is completed, a load, which load is applied to the 
tire just before the tire contacts the ground, is applied to 
the tire, by controlling the motor 26 such that the tire is 
skim-touches the side surface of the load drum. Also, 
the rotational speed of the drum is decreased at a fixed 50 
rate by motor 20 being regeneratively rotated. The skim- 
touched state is automatically controlled by the output 
of the load cell 58C. The rotational speed may be de- 
creased inertially. 

[0056] In step 1 1 2, in a state in which the load, which ss 
is applied to the tire just before the tire contacts the 
ground, is applied to the tire, it is judged whether or not 
it is the time for measurement by judging whether or not 



the rotational speed has become a predetermined rota- 
tional speed (or frequency). If it is judged that it is the 
time for measurement, in step 114, the phase and the 
amplitude of the residual unbalance are measured by 
the output of the three component force type sensor be- 
ing subject to high speed Fourier transformation on the 
basis of the pulse outputted from the encoder 58B by 
use of the FFT analyzer 64. This measurement of the 
residual unbalance is performed until it is judged that 
measurement has been completed in step 116. There- 
fore, the residual unbalance is measured each time a 
predetermined rotational speed of the tire is reached (or, 
each time a predetermined frequency). 
[0057] In step 116, when it is judged that the meas- 
urement of the residual unbalance is completed, in step 
118, a second order regression curve which shows the 
relationship between the measurement value of the re- 
sidual unbalance and the rotational speed of the tire is 
estimated, from the measurement value of the residual 
unbalance and the rotational speed of the tire when the 
residual unbalance is measured. The respective resid- 
ual unbalances, which correspond to the respective ro- 
tational speeds at which the high speed uniformity is 
measured, are estimated from the obtained second or- 
der regression curve. 

Next, the corresponding residual unbalance is vector 
subtracted from the high speed uniformity for each ro- 
tational speed. In this way, the first order component of 
the high speed uniformity which is corrected by the re- 
sidual unbalance is computed. Then, the high speed 
uniformity corresponding to a predetermined rotational 
speed is calculated by interpolation from a plurality of 
values of high speed uniformities after residual unbal- 
ance correction for each of predetermined rotational 
speeds determined within a measured speed range. 
The computed first order component of the high speed 
uniformity is displayed on a liquid crystal display device 
(not shown in the drawings) or the like. 
[0058] In the above description, an example was de- 
scribed in which the residual unbalance is measured in 
a skim touch state, i.e., in a state in which a load imme- 
diately before the tire contacts the ground is applied to 
the tire. However, residual unbalance may be measured 
in a state in which the tire is separated from the load 
drum such that the tire and the load drum are in a non- 
contact state, i.e., a state in which the tire is in an un- 
loaded state and the rotational speed of the tire is re- 
duced due to inertia, or a state in which the spindle motor 
48 is regeneratively rotated. Note that when the tire ro- 
tates due to inertia, it takes more time for the tire to stop 
rotating than a state in which, while the rotational speed 
of the drum is lowered in the skim touch state, the tire 
lowered speed is controlled. Thus, it is preferable to car- 
ry out measurement in the skim touch state or in a state 
in which the spindle motor is regeneratively driven. 
[0059] Further, in the above description, a case was 
described in which the high speed uniformity is meas- 
ured while the rotational speed of the tire is being raised, 
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and the residual unbalance Is measured while the rota- 
tional speed is being lowered. However, conversely, the 
residual unbalance may be measured in the skim touch 
state while the rotational speed is being raised, and the 
high speed uniformity may be measured while the rota- 
tional speed is being lowered. 

[0060] Next, a measurement method for measuring 
high speed uniformity will be described in which the tire 
is rotated by the spindle motor 48, and the axial force of 
the tire is detected by a three component force type sen- 
sor of the upper side spindle. In this case, the motor 
which rotates the load drum can be omitted. 
[0061] First, in the same way as described above, the 
load drum is pushed against the tire. In a state in which 
a load is applied to the tire, the rotational speed of the 
tire is raised by the spindle motor 48, and while the 
speed is being raised, the high speed uniformity is 
measured at each predetermined rotational speed. 
[0062] When the rotational speed reaches a maxi- 
mum speed, the load drum is separated from the tire. 
The tire is set in an unloaded state, and while the rota- 
tional speed of the tire drops due to inertia, the residual 
unbalance is measured for each predetermined rota- 
tional speed as described above. In this case, the tire is 
driven by the spindle motor which is coupled to the tire 
axis. Thus, even with the tire in an unloaded state, the 
failing rotational speed of the tire can be controlled by 
the regenerative driving of the spindle motor. 
[0063] A case is described above in which, in a meth- 
od for measurement of the high speed uniformity by ro- 
tating/driving a tire by a spindle motor, the high speed 
uniformity is measured at the time the rotational speed 
is increased, and the residual unbalance is measured 
at the time the rotational speed is reduced. However, in 
this case as well, in the same way as described above, 
the residual unbalance may be measu red at the time the 
rotational speed is raised, and the high speed uniformity 
may be measured at the time the rotational speed is re- 
duced. However, in a case in which the high speed uni- 
formity is measured, the tire which is rotating at maxi- 
mum speed is made to contact the load drum which is 
stopped and the tire is in a loaded state. Thus, the fric- 
tional force of the tire increases greatly, and there is the 
fear that the tire may be damaged. In order to overcome 
this problem, at the time of raising the speed, the resid- 
ual unbalance is measured while the load drum is being 
rotated in a skim touch state. When the load drum and 
the tire are rotated at the same maximum speed, the 
load is applied to the tire, and the high speed uniformity 
is measured. 

[0064] In the above explanation, an example is de- 
scribed in which the first order component of the high 
speed uniformity is measured. However, high order 
components of the high speed uniformity may be meas- 
ured during the time the rotational speed is raised or 
during the time the rotational speed falls. When the high 
order components are measured, in the same way as in 
the case when the first order component is measured, 



a measuring timing for the high speed uniformity within 
one cycle of rising rotational speed or falling rotational 
speed cannot be achieved. However, because high or- 
der components are not affected by the residual unbal- 
5 ance, there is no need to measure the residual unbal- 
ance, and the high speed uniformity value can be used 
as it is without being corrected. 

[0065] Further, in a case in which there is a resonance 
peak due to the tire eigenvalue, if the peak value of the 
10 amplitude in the measurement rotational speed range 
is determined, it can be confirmed by experimentation 
that the correspondence with actual phenomena is 
good. Thus, the tire eigenvalue can be easily measured. 
[0066] As described above, in the high speed uniform- 
's ity measuring device of the present embodiment, there 
is no need to maintain the rotating speed of the tire con- 
stant. Thus, the high speed uniformity, or the high speed 
uniformity and the residual unbalance can be efficiently 
measured in a short period of time. 
20 [0067] Further, because measurement can be carried 
out in a state in which the rotational speed is varied, the 
high order components can be evaluated at peak val- 
ues, and the tire eigenvalue during running of the tire 
can be estimated from the peak value. Further, meas- 
25 urement of an arbitrary speed or an arbitrary order of 
the component can be carried out, and regenerative 
braking during lowering of the rotational speed can be 
utilized. Thus, the present embodiment is suitable for a 
high speed uniformity measuring device on an assembly 
30 line used in differentiating tires. 

[0068] Moreover, a tire attaching/removing mecha- 
nism by the half-rims is provided. Thus, a tire which is 
being conveyed by a conveyor can be automatically at- 
tached and removed. Running of a measuring device, 
35 collection of data, judging of the results of measure- 
ment, and marking of the tire can be carried out auto- 
matically. In this way, there is no need for manual labor, 
and time can be shortened. 

[0069] Because a tire internal pressure control mech- 
40 anism is provided, the warming up time for stabilizing 
the internal pressure can be shortened. The residual un- 
balance with the load at zero during uniformity meas- 
urement can be measured. Thus, the time for moving to 
residual unbalance measurement, which was carried 
out separately from uniformity in the conventional art, 
can be shortened. 

[0070] Because a three component force type sensor 
is attached to the spindle bearing side, RFV, TFV which 
are needed for high speed uniformity measurement can 

50 be measured. 

[0071] In accordance with the present embodiment, 
the time required for measuring the high speed uniform- 
ity of a manufactured tire, which was 30 minutes per tire 
in the conventional art, can be shortened to 1/10 of the 

55 tire required in the conventional art. Moreover, because 
measurement is carried out completely automatically, 
there is no need for manual labor. 
[0072] As described above, in accordance with the 
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first aspect of the invention, the high speed uniformity 
of a tire or the like which is being conveyed on a pro- 
duction line can be automatically and continuously 
measured. 

[0073] In accordance with the second aspect of the 5 
present invention, in a state in which the rotational 
speed of the tire is varied in a first direction, the tire high 
speed uniformity is measured. In a state in which the 
rotational speed of the tire is varied in a second direc- 
tion, the residual unbalance is measured. Measurement 10 
is carried out during a period of time during which the 
tire is rotated from a stopped state and then returns to 
the stopped state. Thus, there is no need to maintain 
the rotational speed of the tire constant, and the first or- 
der component of the high speed uniformity of the tire is 
can be measured in a short period of time. 



Claims 

20 

1 . A high speed uniformity measurement device com- 
prising: 

a pair of rim shafts, one rim shaft of the pair of 
rim shafts being able to be disposed above and 25 
another rim shaft of the pair of rim shafts being 
able to be disposed below a conveyor which 
conveys a tire such that the pair of rim shafts 
sandwiches the conveyor, and each rim shaft 
of the pair of rim shafts is provided with a half 30 
-r. rim for sandwiching the tire, and the pair of rim 
shafts sandwich or release sandwiching of the 
tire being conveyed on the conveyor; 
a load drum which is movable in directions of 
approaching and moving away from the tire, the 35 
load drum applying a load to the tire which is 
sandwiched between the half rims, while the 
load drum is pushed against the tire and rotates 
together with the tire; 

an air filling and releasing portion for filling the *o 
tire sandwiched between the half rims with air, 
and for releasing air from the tire; and 
a high speed uniformity measuring portion 
which measures high speed uniformity in a 
state in which load is applied to the tire which 45 
is filled with air and the rotational speed of the 
tire is varied. 



a state in which the load is applied to the tire right 
before the tire contacts ground, and the rotational 
speed of the tire is varied in the second direction, 
and a first order component of high speed uniformity 
is determined on the basis of subtracting a meas- 
ured value of residual unbalance from a measured 
value of high speed uniformity. 

3. A high speed uniformity measurement device ac- 
cording to claim 1 , wherein the high speed uniform- 
ity measuring portion is provided at a position other 
than at the load drum. 

4. A high speed uniformity measurement device ac- 
cording to claim 3, wherein the high speed uniform- 
ity measuring portion is provided at the pair of rim 
shafts. 

5. A high speed uniformity measurement device ac- 
cording to claim 2, wherein the high speed uniform- 
ity measuring portion determines the first order 
component of the high speed uniformity by deter- 
mining a relationship between a rotational speed of 
the tire and residual unbalance, and subtracting, 
from the measured value of the high speed uniform- 
ity at a predetermined tire rotational speed, a resid- 
ual unbalance at the predetermined tire rotational 
speed which residual unbalance is estimated on the 
basis of the relationship. 

6. A high speed uniformity measurement device ac- 
cording to claim 2, wherein the high speed uniform- 
ity measuring portion measures high speed uni- 
formity in a state in which load is applied to the tire 
and the rotational speed of the tire is varied, and at 
least one of high order components of the high 
speed uniformity is determined. 



2. A high speed uniformity measurement device ac- 
cording to claim 1 , wherein the high speed uniform- so 
ity measuring portion measures high speed uni- 
formity in a state in which load is applied to the tire 
and the rotational speed of the tire is varied in a first 
direction, and the high speed uniformity measuring 
portion measures residual unbalance in one of a ss 
state in which load is not applied to the tire and the 
rotational speed of the tire is varied in a second di- 
rection which is different than the first direction, or 
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(57) A high speed uniformity measurement device 
is provided in which high speed uniformity of a tire con- 
veyed on a production line is measured automatically 
and continuously. At the high speed uniformity meas- 
urement device, a lower spindle is disposed so as to be 
movable up and down, and a lower side half rim is 
mounted to a distal end of the lower spindle. An upper 
spindle is provided, and a sensor for measuring high 
speed uniformity is provided at the upper spindle. An 
upper side half rim is mounted to a lower end of the up- 
per spindle. A lock and unlock mechanism, for locking 
and unlocking the half rim, is formed at an upper side of 
the lower side half rim and at a lower side of the upper 
side half rim. 
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